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(57) ABSTRACT

A surrounding area monitoring apparatus for vehicle includes
aninfrared camera mounted on a vehicle for capturing images
of surrounding area around the vehicle, a unit for generating
and displaying images based on image data captured by the
camera, and a controller for calibrating output of the camera
with respect to a relation between pixels, based on image data
produced by imaging a surface of a shutter that opens and
closes an aperture introducing a light to the camera, The
controller estimates whether a temperature of the camera is
stable, based on an operation state of the vehicle, and deter-
mines a possibility that a driveris looking at the unit, based on
abehavior of the vehicle. When the temperature of the camera
is estimated stable and the possibility that the driver is looking
at the unit is determined to be low, the means for calibrating
executes the calibration.

20 Claims, 6 Drawing Sheets
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Fig. 3
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Fig. 7
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1
SURROUNDING AREA MONITORING
APPARATUS FOR VEHICLE

FIELD OF THE INVENTION

The present invention relates to an apparatus for monitor-
ing surrounding areas around a vehicle, more specifically to a
control of a calibration timing for output of an infrared cam-
era which monitors the surrounding areas.

RELATED ART

A temperature of the infrared camera mounted on the
vehicle changes with, for example, an operation state of the
vehicle. Consequently, output from the camera also changes,
so that the output should be calibrated at a predefined timing.

However, if the calibration timing is controlled improperly,
it results to hinder an operation for monitoring the surround-
ing area. That is, a monitoring image from the camera could
not seen by a driver at his desired timing.

The patent document 1 discloses an infrared image-captur-
ing device to be mounted on a movable entity. In this device,
the timing of output calibration on the device is controlled
according to, for example, whether or not the movable entity
stops or moves slowly, or, whether or not target objects to be
detected lies in the movement direction of the vehicle.

PRIOR ART DOCUMENT
Patent Document 1: Japanese Patent No. 4016022
SUMMARY OF THE INVENTION
Problem to be Solved

However, in the infrared image-capturing device described
in the patent document 1, a condition for an execution timing
of the output calibration on the device is not sufficient. The
output calibration is not always executed at the time when the
driver seems to have no intention to see the monitoring image,
or at a suitable situation in terms of the state of the device.
That is, the timing of the output calibration is not always
properly controlled.

Therefore, the object of this invention is to make sure to
keep a infrared camera stably operable to capture images of
the target objects around the vehicle, by performing a correc-
tion (calibration) on the output of the camera at a specific
condition (timing) determined as a time when the driver
seems to have no intention to see a monitoring image, or a
time when a state of the camera is estimated suitable for a
calibration.

Solution to the problem

The present invention provides a surrounding area moni-
toring apparatus for vehicle. This apparatus comprises an
infrared camera mounted on a vehicle, for capturing images
of surrounding area around the vehicle. The apparatus
includes a unit for generating and displaying images based on
image data captured by the camera, and means for calibrating
output of the camera with respect to a relation between pixels,
based on image data produced by imaging a surface of a
shutter that opens and closes an aperture introducing a light to
the infrared camera. The apparatus also includes means for
estimating whether or not a temperature of the camera is
stable, based on a operation state of the vehicle, and means for
determining a possibility that a driver is looking at the unit,
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2

based on a behavior of the vehicle. And, when the temperature
of the camera is estimated stable and the possibility that the
driver is looking at the unit is determined to be low, the means
for calibrating executes the calibration.

According to this invention, the output calibration of the
camera is executed when the temperature of the camera is
estimated to be stable and the possibility that the driver is
looking at the unit is determined to be low. Therefore, the
calibration may properly be performed at a suitable state for
the camera to be calibrated, without hindering an operation
for monitoring the surrounding area.

According to one aspect of the present invention, further
comprising a radar for determining location of a target object
around the vehicle, the means for calibrating executes the
calibration when the temperature of the infrared camera is
estimated stable and the determined distance to the target
object, a preceding vehicle, is equal to or less than a prede-
termined distance.

In this aspect of the present invention, the output calibra-
tion for the camera may be performed while the infrared
camera is hindered from capturing images around the vehicle
by a preceding vehicle moving nearby.

According to one aspect of the present invention, when the
vehicle has travelled at a speed equal to or greater than a
predetermined speed, for a time period equal to or longer than
a predetermined period of time, the means for estimating
estimates that the temperature of the camera is stable.

In this aspect of the present invention, the output calibra-
tion may be performed under a situation where the tempera-
ture of the camera is stable, i.e., under a suitable situation for
the calibration.

According to one aspect of the present invention, during or
justafter a turn of the vehicle, or during quick acceleration or
quick deceleration, the means for determining determines
that the possibility is low that the driver is looking at the unit.

In this aspect of the present invention, the output calibra-
tion may be performed when the possibility is low that the
driver is looking at the unit.

According to one aspect of the present invention, the means
for estimating estimates whether or not the temperature of the
camera is stable, according to a degree of a temperature
change of the camera from the previous calibration to the
present time.

In this aspect of the present invention, the calibration may
be performed more quickly and properly according to the
degree of the temperature change. For example, when the
temperature change since the previous calibration is small,
the calibration may be restrained. Conversely, when this tem-
perature change is large, the calibration may be performed
immediately.

According to one aspect of the present invention, when the
vehicle and a predefined living object, detected on the basis of
the image data captured by the camera, are in a predetermined
positional relationship, the calibration is not executed.

In this aspect of the present invention, the execution of the
calibration may be prevented while the camera image is
required to be checked for safety driving, for example, while
ahuman moves at a predetermined distance from the vehicle.

According to one aspect of the present invention, the means
for calibrating determines a execution timing of the calibra-
tion on the basis of a navigation information from a naviga-
tion device.

In this aspect of the present invention, some responsive
operation may be performed. For example, when the naviga-
tion information indicate a presence of a point of frequent
traffic accidents, the execution timing of the calibration may
be delayed until the vehicle goes past the point. Or, the execu-
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tion timing of the calibration may be advanced so that the
calibration will be completed before arriving at the point.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of a
surrounding area monitoring apparatus for vehicle according
to one embodiment of the present invention;

FIG. 2 is a chart showing a process flow executed by a
controller according to one embodiment of the present inven-
tion;

FIG. 3 is a chart showing an examination flow for calibra-
tion condition 1;

FIG. 4 is a chart showing an examination flow for calibra-
tion condition 2;

FIG. 51s agraphto illustrate how to estimate whether or not
the temperature of the infrared camera is stable;

FIG. 6 is a chart showing a process flow executed by a
controller according to one embodiment of the present inven-
tion;

FIG. 7 is a chart showing an examination flow for calibra-
tion condition 0;

DESCRIPTION OF EMBODIMENTS

A description will be made to embodiments of the present
invention with reference to the accompanying drawings. FIG.
1is a block diagram showing a configuration of a surrounding
area monitoring apparatus for vehicle according to one
embodiment of the present invention. The apparatus 100 is
mounted on a vehicle, and includes a infrared camera 10 for
capturing image of surrounding area around the vehicle, a
controller 20, a speaker 30, and a display unit 40.

The camera 10 comprises an infrared detector 101 such as
a microbolometer for detecting infrared light, an optical sys-
tem 102 having a lens for imaging the light emitted from an
object, on the detector 101, a shutter 103, and a temperature
sensor 104. The detector 101 is a two-dimensional area sensor
having two-dimensional array of pixels.

The shutter 103 is configured to be opened or closed at a
timing determined by the controller 20. At a close state, the
shutter 103 shuts out infrared light incident from objects into
the optical system 102. Preferably, the shutter 103 has a shape
whose surface temperature distributes uniformly, like a flat
plate. The temperature sensor 104 detects a temperature
inside of the camera 10 and sends a detection signal to the
controller 20.

The controller 20, which is also called a electronic control
unit (hereinafter referred to as “ECU”), is a computer having
a central processing unit (CPU) and a memory. The controller
20 has roughly two main functions: (i) a function of image
processing for detecting a target object around the vehicle
based on image data captured by the camera 10, (ii) a function
for performing several kinds of control, on the basis of signals
received from the camera 10, a radar 12, vehicle state sensors
14, and a navigation device 16, which are mounted on the
vehicle.

The radar 12 may be a scan-type laser radar, for example.
The radar 12 emits a scanning beam in several directions.
Then, the radar 12 receives the scanning beam reflected back
from a object, and, thereby, determines a location of the
object and a distance to it in each scanned directions. The
word “vehicle state sensors 14” is described here as a general
term for several types of sensors which detect a state of the
vehicle by means of several kind of parameters. For example,
the vehicle state sensors 14 includes a speed sensor for detect-
ing a velocity of the vehicle, a acceleration sensor, a brake
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4

sensor, a yaw rate sensor for detecting yaw rate (i.e., a change
rate of a rotation angle in a turning direction).

Each block in the controller 20 shown in FIG. 1 represents
each function performed by the controller 20 (functional
composition). That is, the controller 20 functions as: a object
localization mean 201 for determining a location of (a dis-
tance to) a object around the vehicle, by receiving signals
from the radar 12; a image capturing mean 202 for obtaining
a gray-scale image around the vehicle, from the image cap-
tured by the infrared camera 10; a calibration mean 203 for
calibrating the output of the infrared detector 101 in the
infrared camera 10, with respect to a relation between pixels;
an estimation mean 204 for estimating whether or not the
temperature of the infrared camera 10 is stable; and a deter-
mination mean 205 for determining a possibility that the
driver is looking at the display unit 40, based on a behavior of
the vehicle.

A function of the each block is realized by the computer
(CPU) in the controller 20. The controller 20 may be incor-
porated in the navigation device 16.

The controller 20 includes following exemplary compo-
nents as its hardware configuration: an A/D converter for
converting an analogue input signal into a digital signal; an
video memory for storing digitized video signals; a central
processing unit (CPU) for performing several kinds of arith-
metic operation; RAM used by CPU for storing data during
operation; ROM for storing programs executed by CPU and
data (including tables and maps); and output circuitry for
outputting signals such as a drive signal to the speaker 30 and
a display signal to the display unit 40. The radar 12 and the
infrared camera 10 are configured so that their output signals
are provided to the CPU after the conversion to digital signals.

The speaker 30 issues an alarm by audible sounds or voice,
according to a detection result about predefined target objects
(e.g., pedestrian) in the controller 20. The display unit 40
displays images obtained via image capturing by the infrared
camera 10, and also displays an indication of the target object
around the vehicle for the driver. Alternatively, instead of the
speaker 30 and the display unit 40, corresponding functions
of the navigation device 16 may be used.

FIG. 2 shows a process flow executed by the controller 20.
This process flow is a control flow to calibrate output of the
infrared detector 101 in the camera 10, with respect to a
relation between pixels. The CPU in the controller 20 reads a
program stored in a memory, and executes the program itera-
tively at a predetermined time interval.

In step S10, an operation information of the vehicle is
obtained. This operation information includes, for example, a
travelling time of the vehicle and a history of a speed change.
In step S11, based on this operation information, it is deter-
mined whether or not the temperature of the camera is stable.
It this determination is No, then, proceeding to step S18 for a
shutter control, the calibration is executed. Because, when the
temperature of the camera 10 is not yet stable, it is preferable
to execute the calibration so that a appropriate camera image
can be obtained.

FIG. 5 is a graph to illustrate an example of a method how
to determine whether the temperature of the camera is stable
ornot. This graph shows a change of the temperature A ofthe
infrared camera and a change of the vehicle speed B, in a
situation where the vehicle starts an engine at time 0, starts to
travel at time T1, stops at time T2, and restart idling at time
T3. The temperature A of the camera increases during the
idling after starting the engine of the vehicle, and, then,
becomes stable due to the travelling at a constant speed. The
temperature A is stable still after the stop of the vehicle, and
increases again after the start of idling at time T3. From this
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relationship shown in FIG. 5 between the speed B and the
temperature A of the camera, for example, within the time
period C in FIG. 5, i.e., during deceleration after the constant
speed travelling or just after the stop of the vehicle, the tem-
perature of the camera is determined (estimated) to be stable.

In step 12, if the temperature of the infrared camera is
determined to be stable, information about objects (location,
distance) is obtained from the radar 12. In step S13, it is
determined, based on the obtained information about the
objects around the vehicle, whether or not the number of
objects, such as other vehicles or humans, lying in front of the
vehicle are many, that is, at least equal to or greater than a
predetermined number. If this determination is Yes, the pro-
cess is terminated. This termination is for avoiding a occur-
rence of a situation where the captured image of the surround-
ing objects is unavailable to be checked, due to the execution
of the calibration.

If the determination in step S13 is No, then, in step 14, the
calibration condition 1 is examined.

FIG. 3 is a chart of an examination flow for the calibration
condition 1. In step S141, based on an acceleration data
detected by a acceleration sensor, one of the vehicle state
sensors 14, it is determined whether or not a degree of the
acceleration is equal to or greater than a predetermined value.
If this determination is Yes, then, in step S145, Calibration
Condition 1=TRUE is set and a command to execute the
calibration is issued. Because, in the case of a quick accelera-
tion, a driver usually has no time to see the display unit, in
other words, the possibility is low that the driver is looking at
the display unit, so that there is no problem to execute the
calibration.

If the determination in step S141 is No, then, in the next
step S142, based on a data about a pressure on the brake,
detected by a brake sensor, one of the vehicle state sensors 14,
it is determined whether or not the pressure on the brake is
equal to or greater than a predetermined value. If this deter-
mination is Yes, then, in step S145, Calibration Condition
1=TRUE is set and a command to execute the calibration is
issued. Because, in the case of a quick deceleration, a driver
usually has no time to see the display unit, in other words, the
possibility is low that the driver is looking at the display unit,
so that there is no problem to execute the calibration.

If the determination in step S142 is No, then, in the next
step S142, based on data about a steering angle, detected by a
yaw rate sensor, one of the vehicle state sensor 14, it is
determined whether or not the steering angle is equal to or
greater than a predetermined value. If this determination is
Yes, then, in step S145, Calibration Condition 1=TRUE is set
and a command to execute the calibration is issued. Because,
in the case of a steep turn, a driver usually has no time to see
a display unit, and, in other words, the possibility is low that
the driver is looking at the display unit, so that there is no
problem to execute the calibration.

If the determination in step S143 is No, then, in the next
step S144, based on a data about a distance to a preceding
vehicle detected by the radar 12, it is determined whether or
not the distance to the preceding vehicle is equal to or less
than a predetermined value. If this determination is Yes, Cali-
bration Condition 1=TRUE is set and a command to execute
the calibration is issued. Because, when the preceding vehicle
is just ahead, it is hard to capture an image of surrounding
area, so that there is no problem to execute the calibration. If
the determination in step S144 is No, then, in step S146,
Calibration Condition 1=FALSE is set and a command not to
execute the calibration is issued.

Referring back to FIG. 2, it is determined, in step S15,
whether or not the calibration condition 1 is met. If Calibra-
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6
tion Condition 1=TRUE was set in the flow shown in FIG. 3,
the calibration condition 1 is determined to be met in step
S15, and, if Calibration Condition 1=FALSE was set, the
calibration condition 1 is determined not to be met. If this
determination in step 15 is Yes, the process proceeds to steps
S18-820 for calibration.

If the determination in step S15 is No, the calibration
condition 2 is examined in the next step S16.

FIG. 4 is a chart showing an examination flow for the
calibration condition 2. In step S161, based on a data about a
speed detected by a speed sensor, one of the vehicle state
sensors 14, it is determined whether or not the current speed
is equal to or greater than a predetermined value. If this
determination is Yes, then, in the next step S163, Calibration
Condition 2=TRUE is set and a command to execute the
calibration is issued. Because, while travelling at a high
speed, a driver can not look away from the forward view, so
that the possibility is low that the driver is looking at the
display unit, and there is no problem to execute the calibra-
tion.

Ifthe determination in step 161 is No, then, in the next step
S162, it is determined whether or not the elapsed time since
an issue of alarm through the speaker or the display unit is
equal to or less than a predetermined time. If this determina-
tion is Yes, then, in step S163, Calibration Condition 2=TRUE
is set and a command to execute the calibration is issued.
Because, just after the issuing of the alarm, the driver” atten-
tion has just been prompted, so that there is no problem even
though an image is unavailable on the display unit due to an
execution of the calibration. If the determination in step S162
is No, then, in step S164, Calibration Condition 2=FALSE is
set and a command not to execute the calibration is issued.

Referring back to FIG. 2, it is determined, in step S17,
whether or not the calibration condition 2 is met. If Calibra-
tion Condition 2=TRUE was set in the flow shown in FIG. 4,
the calibration condition 2 is determined to be met in step
S17, and, if Calibration Condition 2=FALSE was set, the
calibration condition 2 is determined not to be met. If this
determination in step S17 is Yes, the process proceeds to steps
18-20 for calibration. If this determination is No, the process
is terminated.

In step S18, in order to execute the calibration, the shutter
103 of the infrared camera 10 is controlled to be closed so that
infrared light incident to the optical system 102 from objects
will be shut. In step S19, an image of a surface of the shutter
103 is captured by the infrared camera 10. In step S20, the
output of the infrared camera 10 capturing the surface image
of'the shutter 103 is calibrated. Specifically, in the case where
surface temperature of the shutter 103 is distributed uni-
formly like a flat plate, the output is calibrated so that the
uniform detection signals will be obtained over the two-di-
mensional pixel array of the infrared detector 101 in the
camera 10, for example, by adjusting a signal amplification
factor (gain) for each pixel or for each set of pixels (line or
area of image). Any conventional method can be used for this
adjustment (calibration).

Next, another embodiment, different from the process flow
in FIG. 2, will be described, referring to FIGS. 6 and 7.

FIG. 6 shows an another example of process flow executed
by the controller 20. Main difference from the flow shown in
FIG. 2 is that, in FIG. 6, three steps S102-S104 are substituted
for the steps S11-S13 in FIG. 2. Processes in other steps
S105-S111 of FIG. 6, that is, the processes for the examina-
tion of the calibration condition 1 and 2, the shutter control,
and the calibration, are basically the same as those in the
respective corresponding steps S14-S20 of FIG. 2.
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In step S101 of FIG. 6, an operation information of the
vehicle is obtained. This operation information includes, for
example, a time of travel and a history of speed change. In
step S102, the calibration condition O is examined.

FIG. 7 is a chart showing an examination flow for the
calibration condition 0. In step S1021, information about
objects (location, distance) is obtained from the radar 12. In
step S1022, based on the obtained information about the
objects around the vehicle, it is determined whether or not the
number of objects, such as other vehicles or humans, lying in
front of the vehicle are many, that is, at least equal to or greater
than a predetermined number. This determination process in
step 1021 is the same as that in step S13 of FIG. 2. If this
determination is Yes, then, in step S1027, Calibration Condi-
tion O=FALSE is set and a command not to execute the
calibration is issued. If this determination is No, the process
proceeds to the next step S1023.

In step S1023, an image in front of the vehicle is captured
by the infrared camera 10. In step S1024, based on the
obtained image, it is determined whether or not there is a
predefined living object (e.g., human, tetrapod). If this deter-
mination is Yes, then, in step S1024, Calibration Condition
0=FALSE is set and a command not to execute the calibration
is issued. Because, in the case where there is the living object
like a human, it is better to check the image in a safety point
of view, so that the calibration should not be executed. If this
determination is No, the process proceeds to the next step
S1025.

In step S1025, information regarding preceding vehicles,
traffic congestion, roads, etc. are obtained via the navigation
device 16. In step S1026, it is determined whether or not the
obtained information includes a risk information, e.g, a infor-
mation regarding a presence of a dangerous road or a road of
frequent traffic accidents, in a travel path. If this determina-
tion is Yes, then, in step S1026, Calibration Condition
0=FALSE is set and a command not to execute the calibration
is issued. Because, when the risk information is included, the
calibration should not be executed so that the image can be
available to be checked in a safety point of view. If this
determination is No, then, in step S1028, Calibration Condi-
tion 0=TRUE is set and a command to execute the calibration
is issued.

Referring back to FIG. 6, it is determined, in step S103,
whether or not the calibration condition 0 is met. If Calibra-
tion Condition O=TRUE was set in the flow of FIG. 7, the
calibration condition 0 is determined to be met in step S103
(i.e., the determination is Yes), and, if Calibration Condition
0=FALSE was set, the calibration condition 0 is determined
not to be met (i.e., the determination is No). If this determi-
nation in step 103 is Yes, the process proceeds to step S104. If
this determination is No, the process is terminated.

In the next step S104, the temperature change AT of the
camera 10 from the previous calibration to the present time is
calculated. And the magnitude relation between its absolute
value and a predetermined value (a threshold value) is exam-
ined. This temperature change AT is calculated based on a
detection signal of the temperature sensor 104.

If the temperature change AT is greater than the predeter-
mined upper threshold value ATL (AT>ATL), then, proceed-
ing to step S109, the calibration is executed immediately.
Because, when the temperature change of the infrared camera
10 is especially large, it is better to execute the calibration
soon. If the temperature change AT is less than the predeter-
mined lower threshold value ATS (AT<ATS), then, proceed-
ing to step S112, the calibration condition 1 is examined. The
process flow for the examination of the calibration condition
1 is already described with reference to FIG. 3. If the tem-
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perature change AT is within a range between equal to or
greater than the predetermined lower threshold value ATL
and equal to or less than the upper threshold value
(ATS=AT=ATL), the process proceeds to step S105-S108 for
the examination of the calibration condition 1 and the cali-
bration condition 2. These examination processes in steps
S105-S108 are the same as those in steps S14-S17 of FIG. 2
which are already described.

If the calibration condition 1 is not met in step S106 and
S113 in FIG. 6 (i.e., the determination is No), or if the cali-
bration condition 2 is met in step S108 (i.e., the determination
is Yes), then, proceeding to steps S109-S111, the shutter 104
of'the infrared camera 10 is controlled (to be closed), and the
calibration is executed. This calibration processes are the
same as those in step S18-S20 of FIG. 2. If the calibration
condition 1 is met in step S113 (i.e., the determination is Yes),
or if the calibration condition 2 is not met in step S108 (i.e.,
the determination is No), then, the process is terminated.

According to the flow, especially from step S102 to S104,
shown in FIG. 6, the execution of the calibration may be
restricted, for example, while the driver needs to check the
image. Consequently, the frequency of the control to close the
shutter may be minimized, while maintaining an accuracy of
the calibration on the infrared camera.

As described above, according to the embodiments of the
present invention, the calibration of the infrared camera (the
shutter control) is performed in a state where the temperature
of the infrared camera is stable, at a time when the execution
of the calibration do not hinder a driving operation, espe-
cially, the driver’s activity to check the surrounding areas.
Therefore, the calibration may be performed precisely and
efficiently at a proper timing.

Whereas a description is made here to the specific embodi-
ments of the present invention, the present invention is not
intended to limit to these embodiments. The present invention
may be taken into practice by adding modifications to the
foregoing embodiment without departing from the scope of
the invention. For example, the present invention is applicable
to a millimeter-wave radar.

REFERENCE SIGNS LIST

10: infrared camera

20: controller

30: speaker

40: display unit

100: surrounding area monitoring apparatus

The invention claimed is:

1. A surrounding area monitoring apparatus for a vehicle

comprising:

an infrared camera mounted on a vehicle, that captures
images of surrounding area around the vehicle;

a display unit that displays images based on image data
captured by the infrared camera;

a controller including a processor and a memory that are
configured to:

generate images to be displayed on the unit,

calibrate output of the infrared camera with respect to a
relation between pixels, based on image data produced
by imaging a surface of a shutter that opens and closes an
aperture introducing a light to the infrared camera;

estimate whether or not temperature of the infrared camera
is stable; and

determine a possibility that a driver is looking at a image on
the unit, based on a behavior of the vehicle,

wherein, when the temperature of the infrared camera is
estimated stable and the possibility that the driver is
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looking at the display unit is determined to be low, the
controller executes the calibration.

2. The apparatus according to claim 1, further comprising
a radar that determines location of a target object around the
vehicle, wherein the controller executes the calibration when
the temperature of the infrared camera is estimated stable and
the determined distance to the target object, a preceding
vehicle, is equal to or less than a predetermined distance.

3. The apparatus according to claim 1, wherein, when the
vehicle has travelled at a constant speed equal to or greater
than a predetermined speed, for a time period equal to or
longer than a predetermined period of time, the controller
estimates that the temperature of the infrared camera is stable.

4. The apparatus according to claim 1, wherein, during or
just after a turn of the vehicle, or during quick acceleration or
quick deceleration, the controller determines that the possi-
bility is low that the driver is looking at a image on the unit.

5. The apparatus according to claim 1, wherein the control-
ler estimates whether or not the temperature of the infrared
camera is stable, according to a degree of a temperature
change of the camera from the previous calibration to the
present time.

6. The apparatus according to claim 1, wherein, when the
vehicle and a predefined living object, detected on the basis of
the image data captured by the infrared camera, are in a
predetermined positional relationship, the controller executes
the calibration.

7. The apparatus according to claim 1, wherein the control-
ler determines an execution timing of the calibration, on the
basis of a navigation information from a navigation device.

8. A surrounding area monitoring apparatus for a vehicle
comprising:

an infrared camera, mounted on a vehicle, for capturing

images of surrounding area around the vehicle;

means for generating and displaying images based on

image data captured by the infrared camera;

means for calibrating output of the infrared camera with

respect to a relation between pixels, based on image data
produced by imaging a surface of a shutter that opens
and closes an aperture introducing a light to the infrared
camera;

means for estimating whether or not temperature of the

infrared camera is stable; and

means for determining a possibility that a driver is looking

at a image on the means for displaying, based on a
behavior of the vehicle,

wherein, when the temperature of the infrared camera is

estimated stable and the possibility that the driver is
looking at the means for displaying is determined to be
low, the means for calibrating executes the calibration.

9. The apparatus according to claim 8, further comprising
a radar for determining location of a target object around the
vehicle, wherein the means for calibrating executes the cali-
bration when the temperature of the infrared camera is esti-
mated stable and the determined distance to the target object,
a preceding vehicle, is equal to or less than a predetermined
distance.

10. The apparatus according to claim 8, wherein, when the
vehicle has travelled at a constant speed equal to or greater
than a predetermined speed, for a time period equal to or
longer than a predetermined period of time, the means for
estimating estimates that the temperature of the infrared cam-
era is stable.
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11. The apparatus according to claims 8, wherein, during or
justafter a turn of the vehicle, or during quick acceleration or
quick deceleration, the means for determining determines
that the possibility is low that the driver is looking at a image
on the means for displaying.

12. The apparatus according to claim 8, wherein the means
for estimating estimates whether or not the temperature of the
infrared camera is stable, according to a degree of a tempera-
ture change of the camera from the previous calibration to the
present time.

13. The apparatus according to claim 8, wherein, when the
vehicle and a predefined living object, detected on the basis of
the image data captured by the infrared camera, are in a
predetermined positional relationship, the calibration is not
executed.

14. The apparatus according to claim 8, wherein the means
for calibrating determines a execution timing of the calibra-
tion, on the basis of a navigation information from a naviga-
tion device.

15. A method for monitoring surroundings of a vehicle
with an infrared camera and a display device, comprising:

capturing images of surrounding area around the vehicle

by the infrared camera;

generating and providing images for the display device,

based on image data captured by the infrared camera;
calibrating output of the infrared camera with respect to a
relation between pixels, based on image data produced
by imaging a surface of a shutter that opens and closes an
aperture introducing a light to the infrared camera;

estimating whether or not temperature of the infrared cam-
era is stable; and
determining a possibility that a driver is looking at a image
on the display device, based on a behavior of the vehicle,

wherein, when the temperature of the infrared camera is
estimated stable and the possibility that the driver is
looking at the display device is determined to be low, the
calibration is executed.

16. The method according to claim 15, further comprising:

determining location of a target object around the vehicle

by a radar, wherein the calibration is executed when the
temperature of the infrared camera is estimated stable
and the determined distance to the target object, a pre-
ceding vehicle, is equal to or less than a predetermined
distance.

17. The method according to claim 15, wherein, when the
vehicle has travelled at a constant speed equal to or greater
than a predetermined speed, for a time period equal to or
longer than a predetermined period of time, the temperature
of the infrared camera is estimated stable.

18. The method according to claims 15, wherein, during or
justafter a turn of the vehicle, or during quick acceleration or
quick deceleration, the possibility that the driver is looking at
a image on the display device is determined to be low.

19. The method according to claim 15, wherein it is esti-
mated whether or not the temperature of the infrared camera
is stable, according to a degree of a temperature change of the
camera from the previous calibration to the present time.

20. The method according to claim 15, wherein, when the
vehicle and a predefined living object, detected on the basis of
the image data captured by the infrared camera, are in a
predetermined positional relationship, the calibration is not
executed.



